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The stability in real time of three strains of lactic bacteria (Lactobacillus 
acidophilus, Lactobacillus plantarum, Enterococcus faecium) mixed with different 
excipients was evaluated during a 6-months period. The excipients studied were: 
zeolite, calcium carbonate, perlite ceramic, wheat bran and Carboxymethyl 
cellulose (CMC). A part of liquid cultures and excipients mixtures were dried (12-
14% humidity) and other part were sealed in plastic bags with over 70% humidity 
and preserved at +4
oC. The cells were activated periodically by suspending 
aliquots from wet and dry products in 0.9% saline solution. The viability of lactic 
bacteria was evaluated by cultivation of diluted suspensions in MRS plates. The 
number of viable lactic cells is decreasing very slowly, or remains constant in 
calcium carbonate, ceramics and CMC dry products for al strains. In the case of 
zeolite, the viability of Lb. acidophilus and Lb. plantarum decrease to 0 in the first 
month, and the viability of Ec. faecium decrease 20 times in 6 months. As for wet 
products, the number of viable cells is increasing in the first 30 days for calcium 
carbonate and in the first 60 days for wheat bran. The numbers of viable cells 
decrease in both wet products, reaching values close to the viability in fresh 
products after 6 months of storage at +4
oC. 
Key words: lactic bacteria, excipient, : zeolite, calcium carbonate, perlite 
ceramic, wheat bran, carboxymethyl cellulose, wet and dry inoculants. 
 
Introduction 
 
There are several excipients and supports described for microbial products 
used in animal feeding, silage inoculation, or other microbial additives (De Roissart 
1994; Bolsen 2000; Sharp 1992). The most used materials, with the best results are 
soluble materials, in case of probiotics, ground cereals in case of feed additives and 
porous minerals or organic insoluble supports in case of silage inoculants. The   233
selection of the excipient and the moisture content of the final product depend on the 
economic resources and the final use of the product. The purpose of the present study 
is to achieve a practical methodology and a specific material for use as excipient 
(support) in microbial products containing viable lactic bacteria for use as feed 
additives or silage inoculant. The proposed methodology and materials may be used in 
obtaining other microbial products, just by making small modifications in each case. 
 
Materials and Methods 
 
Microorganisms: three strains from the Collection of Industrial Microorganisms from 
Faculty of Animal Science and Biotechnology Timisoara, Romania were used in this 
study: Lactobacillus acidophilus, Lactobacillus plantarum, Enterococcus faecium. 
Excipients: 
1. Zeolite, a mineral that have a micro-porous structure. Is a hydrated alumino-silicate 
mineral with an "open" structure that can accommodate a wide variety of cations 
(positive ions), such as Na
+, K
+, Ca
2+, Mg
2+ and others. These positive ions are rather 
loosely held and can readily be exchanged for others in a contact solution. We have 
used a natural zeolite formed from volcanic rocks and ash layers reacted with alkaline 
groundwater. The rock was ground and sieved with 2 mm sieve. Color: grey-green. 
2. Perlite ceramics, ceramics produced from an amorphous volcanic glass (perlite) that 
has relatively high water content. It occurs naturally and has the unusual property of 
greatly expanding when heated sufficiently. The ceramic used in this study, named 
PERLIflor made of perlite is used in horticulture due to its capacity to absorb water 
and to gradually release it in the environment. The characteristics are: granular product 
(granulometry > 1mm), cellular structure, color white-grey, dry density: 150-250 
kg/m
3, water absorption min. 200%. 
3. Calcium carbonate, is a chemical compound, with chemical formula CaCO3. It is 
commonly used in medicine, agriculture, construction, chemical industry, etc. The 
product used in this study is a white powder, with granulometry < 1mm, water 
absorption min. 200%. 
4.  Carboxymethyl cellulose ( CMC), is a cellulose derivative with carboxymethyl 
groups (-CH2-COOH) bound to some of the hydroxyl groups of theglucopyranose 
monomeres that make up the cellulose backbone. It is synthesized by the alkali-
catalyzed reaction of cellulose with chloroacetic acid. The polar (organic acid) render 
the cellulose soluble and chemically reactive. 
The functional properties of CMC depend on the degree of substitution of the cellulose 
structure (i.e., how many of the hydroxyl groups have taken part in the substitution 
reaction), and also on the chain length of the cellulose backbone. CMC is used in food 
science as a viscozity modifier or thickener, and tostabilize emulsions, for instance in 
ice cream. It has E number E466. It is also a constituent of many non-food products,   234
such as, toothpaste, laxatives, excipients for pills. CMC have high viscozity, not toxic, 
and is generally non-allergenic.  
5.  Wheat bran, is the hard outer layer of wheat grains, and consists of combined 
aleurone and pericarp. It is often produced as a by-product of milling in the production 
of refined grains. When bran is removed from grains, they lose a portion of their 
nutritional value. Bran is particularly rich in fiber, and contains significant quantitities 
of starch, protein, fat, vitamins and minerals. In this study, the wheat bran was ground 
and sieved with 2 mm sieve. 
Obtaining cells-excipient mixtures: 
Lactic bacteria were grown in static conditions (microaerophilic microorganisms) in 
MRS medium, at 37
oC for 20 hours. Batch cultures of Lactobacillus acidophilus, 
Lactobacillus plantarum, Enterococcus faecium, and a combined culture of the three 
of them was done until exponential phase (log) was achieved. The fresh cultures of 
lactic bacteria were mixed with excipients mentioned above and two types of products 
were obtained: 
1.  100 mL from the combined culture was mixed with 100 grams of calcium 
carbonate and separately with 100 grams of wheat bran. Probes of 1 gram from each 
mixture were taken and CFU on MRS-agar plates was done. Each wet mixtures were 
introduced in plastic bags, air-tight sealed and preserved in a refrigerator.  
2.  100 mL from each pure culture of lactic bacteria was separately mixed with 100 
grams of: zeolite, calcium carbonate, perlite ceramic, and carboxymethyl cellulose 
(CMC). The wet mixtures were dryed at 40
oC in a dark ventilated chamber. Samples 
were taken from each mixture before and after drying for CFU on MRS-agar plaes. 
The dry mixtures were introduced in plastic bags, air-tight sealed and preserved in a 
refrigerator. 
Samples were taken at 30, 60, 90, 180 days of storage in refrigerator for analysis of 
viability in real time of lactic bacteria in dry and wet products, on organic (wheat bran, 
CMC) and mineral (zeolite, calcium carbonate, ceramics) excipients. 
 
Results and Discussions 
 
The dry and wet products of lactic bacteria mixed with excipients and 
preserved at +4
oC were tested periodically by mixing 1 gram in a test tube with 10 ml 
of 9% saline solution. After a vigorous vortex dilutions in 9% saline solution were 
carried out and inoculated in MRS agar plates. The obtained results regarding viability 
in time of lactic bacteria in dry and wet products are illustrated in figures 1, 2, 3 and 4.   235
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Figure 1. Viability of Lactobacillus acidophilus in 1 gram of dry products containing 
zeolite, calcium carbonate, ceramics and CMC stored at +4
oC for 6 months. 
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Figure 2. Viability of Lactobacillus plantarum in 1 gram of dry products containing 
zeolite, calcium carbonate, ceramics and CMC stored at +4
oC for 6 months. 
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Figure 3. Viability of Enterococcus faecium in 1 gram of dry products containing 
zeolite, calcium carbonate, ceramics and CMC stored at +4
oC for 6 months. 
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Figure 4. Viability of mixed cultures of Lactobacillus acidophilus,  Lactobacillus 
plantarum and Enterococcus faecium in 1 gram of wet products containing calcium 
carbonate and wheat bran stored at +4
oC for 6 months. 
 
The results indicate in the case of dry products: 
1. For Lactobacillus acidophilus a poor viability in mixture with zeolite: the 
number of viable cells decrease from 6.3 x 10
8 in fresh culture, to 5 x 10
5 immediately 
after drying and to 0 after 30 days of storing. In mixture with calcium carbonate, the   237
number of viable cells remains high (from 6.3 x 10
8 in fresh cultures, to 3.0 x 10
8 
immediately after drying and between 3.3 x10
7 – 4.9 x 10
7 for the 6 months period). In 
mixture with ceramics, the number of viable cells slowly decreases (from 6.3 x 10
8 in 
fresh cultures, to 6.1 x 10
8 immediately after drying and to 6.2 x10
6 at the end of the 6 
months period). In mixture CMC, the number of viable cells remains high (from 6.3 x 
10
8 in fresh cultures, to 5.7 x 10
7 immediately after drying and between 2.5 x10
7 – 5.6 
x 10
7 for the 6 months period). 
2. For Lactobacillus plantarum a poor viability in mixture with zeolite: the 
number of viable cells decrease from 2.3 x 10
8 in fresh culture, to 1.9 x 10
7 
immediately after drying and to 0 after 30 days of storing. In mixture with calcium 
carbonate, the number of viable cells remains high (from 2.3 x 10
8 in fresh cultures, to 
8.5 x 10
7 immediately after drying and between 2.6 x10
7 – 5.2 x 10
7 for the 6 months 
period). In mixture with ceramics, the number of viable cells remains high (from 2.3 x 
10
8 in fresh cultures, to 5.6 x 10
7 immediately after drying and to 1.2 x10
7 at the end of 
the 6 months period). In mixture CMC, the number of viable cells remains high (from 
2.3 x 10
8 in fresh cultures, to 3.4 x 10
7 immediately after drying and between 2.3 x10
7 
– 5.3 x 10
7 for the 6 months period). 
3. For Enterococcus faecium a poor viability in mixture with zeolite: the number 
of viable cells decrease from 6.0 x 10
8 in fresh culture, to 4.0 x 10
6 immediately after 
drying and between 2.0 x 10
4 – 5.8 x 10
5 after 6 months of storing. In mixture with 
calcium carbonate, the number of viable cells remains high (from 6.0 x 10
8 in fresh 
cultures, to 5.5 x 10
8 immediately after drying and between 1.2 x10
8 – 5.2 x 10
8 for the 
6 months period). In mixture with ceramics, the number of viable cells remains high 
(from 6.0 x 10
8 in fresh cultures, to 2.2 x 10
8 immediately after drying and to 6.2 x10
7 
at the end of the 6 months period). In mixture CMC, the number of viable cells 
remains high (from 6.0 x 10
8 in fresh cultures, to 8.0 x 10
7 immediately after drying 
and between 2.2 x10
7 – 3.2 x 10
7 for the 6 months period). 
The results indicate in the case of wet products: 
1.  Lactic bacteria continue to multiply in the first 30 days of storage at +4
oC in 
calcium carbonate with 75% moisture from 1.0 x 10
6 cells / gram to 2.0 x 10
8 cells / 
gram, remains stable for the next 3 months (0.9 – 1.9 x 10
8/ gram) and the viable cells 
decrease to 1.8 x 10
6 (close to the initial cell density in the fresh product) after 6 
months. 
2.  Lactic bacteria continue to multiply in the first 60 days of storage at +4
oC in wheat 
bran with 75% moisture from 1.0 x 10
5 cells / gram to 5.1 x 10
8 cells / gram, and the 
viable cells decrease to 6.0 x 10
6 after 6 months (a density higher than the initial 
density in the fresh product). 
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Conclusions 
1.  Zeolite doesn’t protect the lactic bacteria and leads to cell death in a month 
period of the entire population in case of Lactobacillus acidophilus and 
Lactobacillus plantarum and more than 20 times in 6 months in case of Enterococcus 
faecium. 
2.  Calcium carbonate can be used in dry and wet products containing lactic 
bacteria, especially Enterococcus faecium, a resistant microorganism which 
remain viable in high concentration, of 2.2 x 10
8 cells / gram of dry product. 
3.  Ceramics from perlite is good excipient for Lactobacillus plantarum and 
Enterococcus faecium, microorganisms that remains in high and constant number of 
viable cells. In case of Lactobacillus acidophilus, the density of viable cells decreases 
100 times in 6 months of storage. 
4.  CMC, the only organic product used as excipient for dry products, indicates 
a good and constant viability for the three microorganisms, especially for 
Lactobacillus acidophilus. 
5.  Wheat bran is a good excipient for wet products and a culture medium for 
lactic bacteria, although in the first 3 months of storage, the wet product need to 
be used in lower concentration, as the density of lactic bacteria is 100 times 
higher than in the fresh product. Even after 6 months of storage, the number of 
viable lactic bacteria is 6 times higher than in the fresh product. 
6.  We recommend the drying of these types of products, to keep a constant 
number of viable cells, an important parameter in the administration of these 
products as silage inoculants or feed additives. 
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A fost evaluată stabilitatea timp de 6 luni a trei tulpini de bacterii lactice (Lactobacillus 
acidophilus, Lactobacillus plantarum, Enterococcus faecium) în amestec cu diferite produse 
organice  şi anorganice folosite ca excipienţi. Excipienţii studiaţi sunt: zeolit, carbonat de 
calciu, ceramică din perlită, tărâţe de grâu şi carboximetil celuloză (CMC). O parte din 
amestecul de culturi lactice şi excipienţi a fost uscată (la 12-14% umiditate), iar o altă parte a 
fost închisă în pungi de plastic cu o umiditate de peste 70% şi păstrate la +4
oC. Celulele au fost 
activate periodic prin prelevare de probe din produsele uscate şi umede şi suspendarea lor în 
ser fiziologic. Viabilitatea bacteriilor lactice a fost evaluată prin cultivarea probelor diluate în 
plăci Petri cu mediu MRS agarizat. Numărul de celule viabile scade foarte puţin, sau rămâne 
constant în prezenţa carbonatului de calciu, ceramică şi CMC, pentru toate tulpinile studiate. În 
cazul zeolitului, viabilitatea celulelor de Lb. acidophilus şi Lb. plantarum scade la  0 în prima 
lună şi de 20 de ori în 6 luni în cazul Ec. faecium. În ceea ce priveşte produsele umede, numărul 
celulelor viabile creşte în primele 30 de zile în prezenţa carbonatului de calciu şi în primele 60 
de zile în prezenţa tărâţei de grâu. În continuare, numărul celulelor vii scade în ambele produse 
umede, ajungând la valori apropiate de viabilitatea produselor proaspete după 6 luni de 
păstrare la +4
oC. 
Cuvinte cheie: bacterii lactice, excipienţi, inoculanţi umezi şi uscaţi 
 